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Pharmaceutical Product for Injection 
Technical Field 

The present invention relates to the field of pharmaceutical technology and describes an improved 
pharmaceutical product for injection. More particular the present invention relates to improved pharma- 
ceutical products comprising inter alia Sdifluoromethoxy^S^-dimethoxy^-pyridinyOmethylsulfinyl]- 
1H-benzimidazole preparations for injection. 

Prior art 

WO94/02141 describes an injection comprising a 2-{(2-pyridyl)methylsulfinyi]-ben2imidazole compound 
an aqueous solvent added with no nonaqueous solvent, wherein the pH of the injection is not less than 
9.5 and not more than 11. 5. It is mentioned thai said injection does not cause hemolysis and causes 
less local irritation. 

DE 43 24 014 describes the preparation of a lyophilisate of pantoprazole-sodium sesquihydrate in the 
presence of sucrose as an auxiliary at production temperatures of -25 to -30°C. It is disclosed that the 
lyophilisate is of improved storage stability and can be stored at room temperature for at least 18 
months and is easily reconstituted in liquid form in suitable doses for use. 

CN 1235018 describes a freeze-dried injection powder of pantoprazole sodium containing no 
crystallised water with pH value of 9-12.5, which is composed of pantoprazole sodium, freeze-dried 
powder supporting agent, metal ion complexing agent and pH regulator. 

W099/18959 describes aqueous pharmaceutical compositions, which are chemically and physically 
stable for intravenous injection which comprise anti-ulcerative compound and glycine as stabilizer in 
carrier. 

WO02/41919 describes lyophilized pantoprazole preparations, which are obtainable by freeze-drying of 
an aqueous solution of pantoprazole, ethylendiamine tetraacetic acid and/or a suitable salt thereof, and 
sodium hydroxide and/or sodium carbonate. The preparations have advantageous properties when 
reconstituted for injection. 
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Pantoprazole sodium for injection is commercially available as a freeze-dried powder in a clear glass 
vial fitted with a rubber stopper and crimping seal (e.g. in the United States under the trademark 
Protonix® I.V.; see e.g. Physicians' Desk Reference entry for Protonix® I.V). For administration 
injection admixtures should be administered intravenously through a dedicated line, using an in-line 
filter provided. The filter must be used to remove precipitate that may form when the reconstituted drug 
product is mixed with I.V. solutions. 

Reconstitute of lyophilised pharmaceutical compounds with carrier solutions for application may lead 
to the formation of visible and/or subvisible particles in the solution. Injectable solutions, including solu- 
tions constituted from sterile solids intended for parenteral use should be essentially free from particles 
that can be observed on visual inspection and for patient safety it is also desirable to have a low num- 
ber of subvisible particles. USP (United States Pharmacopoeia) 24 describes physical tests performed 
for the purpose of enumerating subvisible extraneous particles within specific size ranges and also 
defines particulate matters limits set forth for the test being applied for large-volume injections for sin- 
gle-dose infusion and small-volume injections (USP 24, <788> Particulate Matter in Injections). 

Description of invention 

Surprisingly it has now been found that by using container/closure systems for a pharmaceutical prod- 
uct comprising pantoprazole for injection, which essentially do not release zinc ions formation of parti- 
cles in pantoprazole injection solutions can be suppressed or completely avoided. Without being limited 
to this explanation it is believed that zinc ions released from the container/closure system when coming 
into contact with the reconstituted pantoprazole injection solution can lead to the formation of zinc- 
pantoprazole particles in the injection solution. Thus by using material for the container/closure system 
which essentially does not release zinc ions the formation of particles in pantoprazole injection solu- 
tions can be suppressed or completely avoided. 

Subject of the present invention therefore is a pharmaceutical product for injection comprising a con- 
tainer including a closure suitable for preparations for injection, the container containing a compound 
selected from the group of 5-difluoromethoxy-2-[(3,4-dimethoxy-2-pyridinyl)methylsulfinyl]- 
1H-benzimidazole (pantoprazole), a salt thereof, a solvate of pantoprazole and a salt thereof, wherein 
the container and closure are made of material which essentially does not release zinc ions. 

Containers suitable for injection in connection with the invention refers to containers which do not inter- 
act physically or chemically with the preparation for injection (pantoprazole) in any manner to alter the 
strength, quality, or purity beyond the official requirements under the ordinary or customary conditions 
of handling, shipment, storage, sale and use. The container in connection with the invention is made of 
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material, which essentially does not release zinc ions. Suitable containers in accordance with the in- 
vention are for example made of glass. Particular suitable are type I glass containers (according to 
European Pharmacopoeia 2002). In one embodiment of the invention the container is a clear glass vial 
which fulfills the criteria of type I glass containers according to European Pharmacopoeia 2002 (e.g. 
glass available under the name Fiolax ® - klar). 

The container for injection according to the invention is closed or sealed with a suitable closure in such 
a manner as to prevent contamination or loss of content. In a preferred embodiment of the invention 
the closure permits penetration by a needle and, upon withdrawal of the needle closes at once, protec- 
ting the container against contamination. The closure in connection with the invention is made of mate- 
rial, which essentially does not release zinc ions. Closure material which essentially does not release 
zinc ions refers to material wherein the amount of extractable zinc is equal or less than 5 ppm, equal or 
less than 4 ppm, more preferred equal or less than 3 ppm, even more preferred equal or less than 2 
ppm, still more preferred equal or less than 1 ppm and most preferred 0 ppm (i.e. not detectable) of 
extractable zinc. The amount of extractable zinc is determined according to methods specified in the 
European Pharmacopoeia 2002 for the determination of extractable zinc in rubber stoppers. Suitable 
closures are made for example from rubber or silicon elastomer. In this connection it is preferred to 
make use of rubber or silicion elastomer for the stopper, which was manufactured without the use of 
components containing zinc (e.g. without using zinc catalysts in the polymerization process). In another 
embodiment according to the invention it is preferred to make use of a closure, which is completely or 
partially laminated or coated with a suitable material. Preferably those surface parts of the closure, 
which may come into contact with the drug (e.g. those parts of the closure extending inside the con- 
tainer) are laminated or coated with a suitable inert material. As an example a suitable fluoro-polymer 
resin can be used for lamination. Such lamination establishes an effective ciosure<Jrug barrier and 
reduces or completely prevents drug-closure interaction. Further such lamination eliminates escape of 
endogeneous particles from the closure and drugs will be prevented to adhere to the closure. Further 
lamination or coating provides lubricity for machinability, thereby eliminating closure sticking or clump- 
ing problems in production. Preferably the material for the closure is type 1 rubber according to Euro- 
pean Pharmacopoeia 2002. Preferably the closure is a freeze drying closure. Freeze drying closure in 
connection with the invention refers to a closure, which enables drying of a frozen good in a vacuum 
chamber. Such freeze drying closure is put in place on top of a glass container after filling leaving suffi- 
cient openings for the sublimation process under vacuum. At the end of the drying process it can be 
fully inserted into the glass container by hydraulic or mechanical means in the vacuum chamber. The 
plug part of such freeze drying closure preferably provides slits, channels or other appropriate means 
in conjunction with protruding or locating elements at the outer diameter, which enable insertion in a 
drying position (halfway; also referred to as semi stoppered herein) during the sublimation process. 
Preferably the design of the locating element to hold the freeze drying closure firmly in the sublimation 
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positon shall not generate too high a resistance when the closure is fully inserted. On the top surface of 
the closure marks or indentations may be present. In a particularly preferred embodiment the closure is 
a butyl rubber stopper of type 1 according to European Pharmacopoeia 2002, which is partially fluoro 
polymer laminated whereby lamination is covering all those parts extending inside the vial including the 
plug part. 

In another embodiment the pharmaceutical product additionally comprises a suitable crimp seal. 

In a preferred embodiment the pharmaceutical product comprises a clear glass vial fitted with a rubber 
stopper and crimp seal. 

In another preferred embodiment the container comprises a vial with a blow back inside of the flange. 
The blow back improves the fit of the stopper and avoids that the stopper pops out of the vial. The 
flange of the vial and the dimensions of the stopper are chosen in a way to guarantee a good fit of the 
stopper during freeze drying process when the stopper is not completely pressed into the vial, as well 
as after the freeze drying process when the stopper is completely pressed into the vial and not already 
fixed by a crimping seal. It is preferred to have a blow back with dimensions in size to provide sufficient 
sealing surface between the vial and the stopper in order to keep a vacuum in the vial as long as pos- 
sible. In case of a vial with a blow back a stopper is preferred which is partially laminated with a fluoro- 
polymer. Preferably the surface of the stopper contacting the blow back of the vial is not laminated but 
lamination extends from this area of the stopper downwards the plug part and covers at least all those 
parts extending inside the vial. 

The container according to the invention preferably permits the addition of a suitable solvent and with- 
drawal of all or portions of the resulting injection in such a manner, that the sterility of the product is 
maintained. The container according to the invention may hold any suitable volume, preferably 20 ml or 
less, more preferably 15 ml or less, particularly preferably 12 ml or less (for example 12 ml). 

In another embodiment according to the invention the closed container closure system has reduced 
pressure inside. Preferably the pressure is reduced to allow the addition of solvent for injection to the 
closed system (e.g. by means of penetrating the closure with a needle). Preferably the reduced pres- 
sure is 800 mbar or below, 600 mbar or below, in particular 500 mbar or below (e.g. 500 mbar). As 
compared to container closure/systems having no reduced pressure inside such container/closure 
systems allow the addition of sufficient solvent for injection. Container/closure systems having a blow 
back are particularly preferred in connection when applying reduced pressure. As compared to conven- 
tional systems having no blow back, said systems have proven to be very tight and the risk of influx of 
air and thus potential contamination can be avoided. 
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5-Difluoromethoxy-2-[(3,4^imethoxy-2-pyridinyl)methylsulfinyl]-1H43enzimidazole (INN: pantoprazole, 
In connection with the invention also referred to as pantoprazole) is known from EP-A-0 166 287. Pan- 
toprazole is a chiral compound. In connection with the invention the term pantoprazole also includes 
the pure enantiomers of pantoprazole and their mixtures in any mixing ratio. (S)-pantoprazole 
[(-)-pantoprazole] may be mentioned by way of example. Pantoprazole is present here as such or pref- 
erably in the form of it's salt with a base. Examples of salts with a base which may be mentioned are 
sodium, potassium, magnesium and calcium salts. Pantoprazole and/or a salt thereof may contain 
various amounts of solvent when isolated in crystalline form. In connection with the invention pantopra- 
zole also refers to all solvates and in particular to hydrates of 5<lifluoromethoxy-2-[(3,4-dimethoxy-2- 
pyridinyl)methylsulfinyl]-1 H-benzimidazole and salts thereof. Such a hydrate of the salt of pantoprazole 
with a base is disclosed, for example, in WO91/19710. Expediently pantoprazole refers to pantoprazole 
sodium, pantoprazole sodium sesquihydrate (= pantoprazole sodium x 1.5 H 2 0), pantoprazole magne- 
sium dihydrate and (-)-pantoprazole magnesium dihydrate (in this connection reference is made to 
WO00/10995 and WO04/013126). 

Preferably the pantoprazole is contained as powder in the pharmaceutical product according to the 
invention. It is particularly preferred to provide the pantoprazole as freeze dried (herein also referred to 
as lyophilized) preparation. 

Instead of pantoprazole the pharmaceutical product according to the invention may also contain other 
acid-labile proton pump inhibitors (H + /K + ATPase inhibitors). Other acid-labile proton pump inhibitors 
within the meaning of the present invention which may be mentioned are in particular substituted pyri- 
din-2-yl-methylsulfinyl-1 H-benzimidazoles, such as are disclosed, for example, in EP-A-0 005 129, EP- 
A-0 166 287, EP-A 0 174 726, EP-A-0 184 322, EP-A-0 261 478 and EP-A-0 268 956. Mention may 
preferably be made here of 5-methoxy-2-[(4-methoxy-3,5-dimethyl-2-pyridinyl)methylsulfinyl]-1 H-benz- 
imidazole (INN: omeprazole), 2-[3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridinyl)methylsulfinyl]-1 H-benz- 
imidazole (INN: lansoprazole) and 2-{[4-(3-methoxypropoxy)-3-methylpyridin-2-yl]-methylsulfinyl}-1H- 
benzimidazole (INN: rabeprazole). Further acid-labile proton pump inhibitors, for example substituted 
phenylmethylsulfinyl-1 H-benzimidazoles, cycloheptapyridin-9-ylsulfinyl-1 H-benzimidazoles or pyridin- 
2-ylmethylsulfinylthienoimidazoles, are disclosed in DE-A-35 31 487, EP-A-0 434 999 and 
EP-A-0 234 485. Examples which may be mentioned are 2-[2-(N-isobutyl-N-methylamino)benzyl- 
sulfinyl]benzimidazole (INN: leminoprazole) and 2-(4-methoxy-6,7,8,9-tetrahydro-5H-cyclohepta- 
[b]pyridin-9-ylsulfinyl)-1 H-benzimidazole (INN: nepaprazole). 

The acid-labile proton pump inhibitors are chiral compounds. The term acid-labile proton pump inhibitor 
also includes the pure enantiomers of the acid-labile proton pump inhibitors and their mixtures in any 
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mixing ratio. Pure enantiomers which may be mentioned by way of example are 5-methoxy-2-[(S)- 
[(4-methoxy-3,5-dimethyl-2-pyridinyl)methylJsulfinyl]-1H-benzimidazole (INN: esomeprazole). 

The acid-labile proton pump inhibitors are present here as such or preferably in the form of their salts 
with bases. Examples of salts with bases which may be mentioned are sodium, potassium, magnesium 
and calcium salts. If desired, the salts of the acid-labile proton pump inhibitors with bases can also be 
present in hydrate form. Particularly preferred acid-labile proton pump inhibitors besides pantoprazole, 
which may be mentioned are omeprazole magnesium, omeprazole, esomeprazole magnesium and 
esomeprazole. 

In addition to the acid labile proton pump inhibitor (e.g. pantoprazole) the pharmaceutical product may 
contain one or more additional pharmaceutical acceptable excipients. Examples, which may be men- 
tioned in connection with the invention include complexing agents such as ethylenediamine tetraacetic 
acid and/or a suitable salt thereof, stabilizers (such as glycine), suitable bases such as sodium carbon- 
ate or sodium hydroxide and carriers such as carbohydrates. 

The pharmaceutical product according to the invention can be obtained preferably by providing a mix- 
ture of the acid labile proton pump inhibitor (e.g. pantoprazol) with a suitable solvent (preferably a solu- 
tion in an aqueous solvent) and optionally further excipients in the container and subjecting the con- 
tainer comprising the acid labile proton pump inhibitor (e.g. pantoprazole) solution to a freeze drying 
process. The freeze drying may be carried out by a method known per se. In a preferred embodiment 
the container is semi-stoppered before applying the freeze-drying process. After finishing the freeze- 
drying process the container is closed with the stopper preferably under an inert atmosphere (e.g. ni- 
trogen) and reduced pressure and preferably a crimp seal is provided. 

According to one embodiment of the invention a pantoprazole solution used in the freeze drying proc- 
ess can be obtained by addition of ethylenediamine tetraacetic acid and/or a suitable salt thereof, and 
sodium hydroxide and/or sodium carbonate to an aqueous solvent. Suitable salts of ethylenediamine 
tetraacetic acid which may be mentioned in connection with the invention by way of example are ethyl- 
enediamine tetraacetic acid disodium salt, ethylenediamine tetraacetic acid calcium disodium salt 
ethylenediamine tetraacetic acid trisodium salt and ethylenediamine tetraacetic acid tetrasodium salt. 
The proportion by weight of ethylenediamine tetraacetic acid and/or a suitable salt thereof, based on 
the amount of pantoprazole used is from 0.05 to 25 % preferably from 0.25 to 12.5 % or particular pre- 
ferred from 1 to 5 %. The aqueous solvent preferentially is water for injection. Subsequently pantopra- 
zole is added to the solution and dissolved by stirring. It is preferred to have a solution wherein the 
proportion of weight (m/m) of pantoprazole is 0.5 to 10 %, particularly preferred 1 to 6 %. In a further 
preferred embodiment of the invention the pH of the solution used in the freeze drying process is 8 or 
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above 8, particularly preferred the pH is in the range from 10 to 13. Then this solution is filtered for 
sterilization and charged in vials. The solution is then freeze-dried as described above. 

A pantoprazole injection can be produced by dissolving the lyophilized product thus obtained in a suit- 
able solvent for example physiological saline, aqueous solution of 5% glucose, or distilled water for 
injection. Preferably the pantoprazole injection according to the invention is used in the form of intrave- 
nous injection. 

The pharmaceutical product according to the invention preferably contains the acid labile proton pump 
inhibitor (e.g. pantoprazole) in the dose customary for the treatment of the respective disease. The 
pharmaceutical product according to the invention can be employed for the treatment and prevention of 
all the diseases, which are legarded as treatable or avoidable by the use of pyridin-2-ylmethylsulfinyl- 
1H-benzimidazoles. In particular, the pharmaceutical product according to the invention can be em- 
ployed in the treatment of stomach disorders. Examples which may be mentioned in connection with 
the invention are the treatment or prophylaxis of benign gastric ulcer, gastroesophageal reflux disease 
(GERD), GERD associated with a history of erosive esophagitis, pathological hypersecretion associ- 
ated with Zollinger-Ellison Syndrome, Zollinger-Ellison syndrome, duodenal ulcer, duodenal ulcer as- 
sociated with Helicobacter pylori, prophylaxis of NSAID-associated gastric or duodenal ulcer in patients 
with an increased risk of gastroduodenal complication who require continued NSAID treatment or com- 
bination therapy with antibiotics in the eradication of Helicobacter pylori. The lyophilized products con- 
tained within the pharmaceutical product according to the invention in particular contain between 5 and 
150 mg, preferably between 5 and 60 mg, of pantoprazole. Examples, which may be mentioned are 
lyophilized products or injections which contain 10, 20, 40, 50, 80 or 96 mg of pantoprazole. The ad- 
ministration of the daily dose (e.g. 40 mg of active compound) can be carried out, for example, in the 
form of an individual dose or by means of a number of doses (e.g. 2 times 20 mg of active compound). 
The concentration of pantoprazole in the injection may vary depending upon the administration route 
and generally ranges in a proportion of 0.05-10 mg/ml, preferably 0.1 to 5 mg/ml on a free compound 
basis. For example for bolus administration 20 to 120 mg of lyophilized product can be reconstituted 
with 10 ml physiological saline and administered intravenously for example over a period of at least two 
minutes. In an alternative the contents of two vials (each reconstituted for example with 10 ml of 
physiological saline) can be combined and further diluted (admixed) with (for example 80 ml) of 5% 
Dextrose Injection (USP), 0.9% Sodium Chloride Injection (USP) or Lactated Ringer's Injection (USP) 
(to a total volume of 100 ml). Such solution can be administered intravenously over a period of ap- 
proximately 15 minutes at a rate of approximately 7 ml/min. 

The pharmaceutical product according to the invention may be provided in the form of multiple dose 
containers, preferably in the form of a single dose container. 
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The production of the pharmaceutical product according to the invention is described by way of exam- 
ple below. The following examples illustrate the invention in greater detail, without restricting it. 
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Examples 

Production of a pharmaceutical product for injection 
Example 1 

Under nitrogen atmosphere, 0.276 g Ethylenediamine tetraacetic acid disodium salt and 6.7 g sodium 
hydroxide (1 N aqueous solution) are added to 480 g water for injection of 4°C to 8°C. 12.47 g panto- 
prazole sodium sesquihydrate is added while stirring to give a clear solution. The weight of the solution 
is adjusted to 500 g by addition of water for injection. The pH of the solution is 11.76. The solution is 
filtered through a 0.2 urn membrane filter and filled in glass vials (1.81 g by vial; glass vial of type I 
glass according to European Pharmacopoeia having a nominal content of 12 ml - Fiolax®). Filled vials 
are semi-stoppered (type 1 butyl rubber stopper according to European Pharmacopoeia 2002; nominal 
size 20) and put into a freeze-dryer (e.g. GT4 Edwards/Kniese or GT8 Amsco) for lyophilisation. The 
vials are cooled to -45°C, then the temperature is raised to -20 to -5°C under vacuum (0.1 to 0.5 
mbar) for drying. After finishing main drying the temperature is raised to 30°C, the vacuum is adjusted 
to 0.01 mbar and drying is continued for an additional 3 hours. The pressure is raised to 500 mbar by 
flushing with nitrogen and the vials are stoppered and crimped. An off-white lyophilized product is ob- 
tained which is easily reconstituted with physiological saline to give a clear solution. 

Example 2 

Under nitrogen atmosphere, 12.47 g pantoprazole sodium sesquihydrate is added to 480 g water for 
injection of 4°C to 8°C while stirring to give a clear solution. The volume of the solution is adjusted to 
500 g by addition of water for injection. The pH of the solution is 10.85. The solution is filtered through 
a 0.2 um membrane filter and filled in glass vials (1 .81 g by vial; glass vial of type I glass according to 
European Pharmacopoeia having a nominal content of 12 ml - Fiolax®). Filled vials are semi- 
stoppered (type 1 butyl rubber stopper according to European Pharmacopoeia 2002; nominal size 20) 
and put into a freeze-dryer (e.g. GT4 Edwards/Kniese or GT8 Amsco) for lyophilisation. The vials are 
cooled to -45°C, then the temperature is raised to -20 to -5°C under vacuum (0.1 to 0.5 mbar) for 
drying. After finishing main drying the temperature is raised to 30°C, the vacuum is adjusted to 0.01 
mbar and drying is continued for an additional 3 hours. The pressure is raised to 500 mbar by flushing 
with nitrogen and the vials are stoppered and crimped. An off-white lyophilized product is obtained. 
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Example 3 

Under nitrogen atmosphere, 2.45 g sodium hydroxide (1N aqueous solution) is added to 480 g water 
for injection of 4°C to 8°C. 12.47 g pantoprazole sodium sesquihydrate is added while stirring to give a 
clear solution. The weight of the solution is adjusted to 500 g by addition of water for injection. The pH 
of the solution is 11.5. The solution is filtered through a 0.2 pm membrane filter and filled in glass vials 
(1.81 g by vial; glass vial of type I glass according to European Pharmacopoeia having a nominal con- 
tent of 12 ml - Fiolax®). Filled vials are semi-stoppered (type 1 butyl rubber stopper according to 
European Pharmacopoeia 2002; nominal size 20) and put into a freeze-dryer (e.g. GT4 Ed- 
wards/Kniese or GT8 Amsco) for lyophilisation. The vials are cooled to -45°C, then the temperature is 
raised to -20 to -5°C under vacuum (0.1 to 0.5 mbar) for drying. After finishing main drying the tem- 
perature is raised to 30°C, the vacuum is adjusted to 0.01 mbar and drying is continued for an addi- 
tional 3 hours. The pressure is raised to 500 mbar by flushing with nitrogen and the vials are stoppered 
and crimped. An off-white lyophilized product is obtained. 

Example 4 

Under nitrogen atmosphere, 0.05 g Ethylenediamine tetraacetic acid disodium salt is added to 480 g 
water for injection of 4°C to 8°C. 12.47 g pantoprazole sodium sesquihydrate is added while stirring to 
give a clear solution. The weight of the solution is adjusted to 500 g by addition of water for injection. 
The pH of the solution is 10.2. The solution is filtered through a 0.2 pm membrane filter and filled in 
glass vials (1.81 g by vial; glass vial of type I glass according to European Pharmacopoeia having a 
nominal content of 12 ml - Fiolax®). Filled vials are semi-stoppered (type 1 butyl rubber stopper ac- 
cording to European Pharmacopoeia 2002; nominal size 20) and put into a freezedryer (e.g. GT4 Ed- 
wards/Kniese or GT8 Amsco) for lyophilisation. The vials are cooled to -45°C, then the temperature is 
raised to -20 to -5°C under vacuum (0.1 to 0.5 mbar) for drying. After finishing main drying the tem- 
perature is raised to 30°C, the vacuum is adjusted to 0.01 mbar and drying is continued for an addi- 
tional 3 hours. The pressure is raised to 500 mbar by flushing with nitrogen and the vials are stoppered 
and crimped. An off-white lyophilized product is obtained. 
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Description of Fioures 

Fig. 1 shows a glass vial (1) with a blow back (2) at the flange (3). 
Fig. 2 shows details of the blow back (2) of the vial (1) 

Fig. 3 shows details of a rubber stopper (4). The stopper is provided with a slit (5). The areas of the 
plug part starting with the line indicated by (6) downwards and inside the plug part (7) are laminated 
with a fluoro-polmer. 

Fig. 4 shows a downside view of the rubber stopper (4). 

Fig. 5 shows the topside view of the rubber stopper (5) with the top surface of the flange part (8), hav- 
ing a mark (9) for the injection site. 



